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' * % I 1 

Method of calibratingr a scanning syi^t^ia. 

The jp3re^nt' invention relates to a ttiefihod of 
calibr^atltig a scanning ayshem. A scazsnixig eyatdm in 
this' Bpebif Ication should be imderstodd to mean a 
eotnbinatloh -of' a machine and a probe whiah togethei: are 
eapatole ct'use^ in scanning on object in order to obtain 

inidotniAtioxx about Ita size, ghape or siirfaca oontours. 

t ' ' ' * • 

The macbine may be, for escampler a co-ordinat& 
measuring machijie (CMM) or robot, and the probe is an 
anaXoigufe probe with a workpiece-contaoting stylus. The 
machine has. measuring devices for measiiring the 
movfemeht: of the machine parts in three 'notninally 
orthogonal directions (referred to as JC,Y and Z axes), 
and the probe includes measuring transducers for 
prodUQittg QUtputa indicative of the displacement of the 
tip df the Stylus relative to the probe! In three 
nominally orthogonal directions (referred to as the 
a^b, send c axep) . iM- though the term ^analogue probe' 
is uaejl,^ the outputs for the a,b and a axes may be 
either, analogue ax digital. 

In Jcnowtt.' systems/ measurement errors are caused by 
deflections of ;the probe and machine structure. Errors 
due to bending of . the probe stylus are the same 
throughout the' machine volume and may be. conjpeneated 
for by prolie 'calibration. Erarors due to' deflections in 
the machine structure may be caused, for' example, by 
the machine quill bending and the machine bridge 
twiating 'and vary throughout the machine volume. These 
errors increase, for example, with increeiaing 
cantilever^y J • • * . 



10 



Parts tfie *w?>rki±'ng volUTiie of the machine may be 
calibrated for maajguretnent errors by using a 
calibration artefact guoh a calibration sphere. 
However usually the calibration ^artef act cannot be 
located at the same position in the machine's working 
volume a,s the part to be measured and is instead 
located to one side. The measurement errors determined 
at the 'calibration 'artefact will thus be different to 
those! o|i the part . 



Methods of correcting machines for acceleration induced 
errors are known; One example of such a method is 
described i*n European Patent No. 318557, In thie 
method a first' article from a batch of nominally 

15 identical articles is scann^ed at a relatively slow 
speed, txpting the measurements of th^ positions of a 
number of datum points on the article. The scanning 
operation, is, repeated at a relatively fast speed noting 
the msasurfemenlis pf, the positions of the same points. 

20 Any difference i-ti the measuremetlts axe noted as errors 
in a icorrection table. 

Thereafter /ail of .the articles are scanned at the 
relatively, Jast' speed taking measurements of the 
25 positions' of corresponding points on each article, and 
these lueaBurettierjtsi are corrected for machine 
accelerations using the previously noted errors , 

Another 'metliod of correcting errors is disclosed in 

30 WO 00/.62015.' 'In this method a stylus of a probe 

mounted on a coordinate measuring machine is driven 
* ' ' ' 

into contact with a surface of an object in a direction 
normal to it/s Surface 'until a predetermined stylus 



deflection* has been 



reached. The machine is then 



resvete^d. wJxilst siTftUltan^ously recording the outputs ot 
the ^^achizi^ measuring devices atxd meaeurlng traxisducera 
of '^t^ie jjtroie^ This process is repeated for a selection 
of datum 'points around the surface of, the object- This 
infortnatiort i& Used to determine the positions for each 
of the pdintB v^fhext the' probe is just in contact with 
the aurf'^c^^ ie 'when the probe deflection is zero, 
having^ just left the surface. 

The object id then scanned several times at a slovr 
speed, and' predetermined stylus deflection. The 
differejjice at '.the datum points between the initial 

measurements and the scan is recorded. 

% 

1 • « 
I ■ 

The aoaWa are repeated at the same stylus deflection at 
greater, s|peeias until the variation In the recorded 
di'fferenbife'B l^e^ween ^the fast scan and the initial 
meaBUrementa 'and* the slow scan and the initial 
measurements 'exceeds a defined tolerance % The last 
speed «hidh falls wiphin this tolerance Is the maximum 
scannilig spead.* A map of the positional errors at the 
datum ^ofrits 'is* stored along with the data relating to 
the se&niaing speed, ^particular artefact/ particular CMM 
and probe and stylus configuration etc. It is possible 
to interpbrate frpm this map to obtain radial errors at 
angles in between the radial directions at which actual 
data was obtained (ie the datum points) » 

This method h4g Ithe disadvantage that the step of 
interpolating .between' the datura points is time 
eonsutnilrxg . i 

^ » r 

t 

1 * t 

The present inyention provides a method of measuring an 



object: on ^ coordinate positioning apparatus/ 
comprising' the dteps o£s 

I 'placing !a firfit object on a coordinate positioning 
apx»aj^d€us ; 

S • • measuring said first object with a workpiece 
contacting probe, the probe having a first stylus 
deflection 'or first conatant force; 

mea^urdLng said first object one or more dub^oqueht 
time^V each; with the probe at a different stylus 
10 deflection or different constant force; 

for a plurality of points on the surface of said 

first o^sject^ extrajoolating the measurement data to 

* > , » » 

that corresponding to zero stylus deflection or zero 

' » ' » * » 
probe 'force; 

IS ' creating an error map; 

, measuring subsequent objects' at a given stylus 

deflection; or constant force; 

. aiid; usiftig the error map to apply an error 

correction to -.thW tndasurements of the subsequent 

20 objects, ' 



25 



30 



5>referably' the* 'Steps of the measuring the first object 
with a Work^i'ec^ contacting probe cotriprise scanning the 
first* fa*>lect / » 

1 * ^ * 

The o]^3|ecfc may 'be- a part in a series of substantially 
identical* partes : or. an artefact with features 
appro3i:iniatxng ^ dhose o,f a series of parts to be 
measuiredl. . 

Preferalily tiie first and siabeequent objects are 
measured at, a 3lovr speed. The error map ia thus a 
measure o;^ prc4>lng .force errors. 



Pr^fferaWLy*' a s'l^cond step of rhie invention coinpriaesi 
*me^su±:ing the fiirst object at a fast sj>eec2; 
* comijai^fiig the measurements taken at the fast ©peed 
with thfe' CQr;k?eGted meaauremente relating to aero stylus 
deflectiori or zero p^robe force; 
, ' c±eat3,ng a ' Bebond erroir map 
.meaeuiring 'Slits equent objects at a givien stylus 
deflect iqn ;or, constant force at the fast speed; 

and\applying an error correction using the second 
error wsip to ' the measurements of the subsequent 
ob j ecfcsv , 

This second "'erroir ftsap relates to djmamic errors caused 
by th^ .^robfi moving, at fast speed. The dynamic errors 
may result for example due to quill bending caused by 
ac eel eration - ' . 
\ , • 

The first aML second error maps may be combined to form 
a single error map. This map thus corrects for both 
probing forc^ errors' and dynamic errors together. 

A sedoiid * aspect of the present invention provides a 
method of measirring an object: on a Coordinate 
positioning apparatus, comprising the steps of: 

placing a tirst object on a coordinate positioning 
apparatus; 

.rpefeisuring said first object with a workpiece 
contacting proKey^the probe having a first force; 

measuring said first object one or more subsequent 
times/ 'each^tvith the probe having a different force; 

for a pliiralifey of points on the surface of said 
first object/, eattrapolating the measurement data to 
that eortrSaslponding. ;to aero probe force; 

creating* an . error map 



measuring suBseguezit objects at a probe farce; 

and* using the error map to apply ai5i error 
correction to the tneastirdments of the subseg^uent 
objects- ' I 
S ' ' : ' . 

Preferred ©mbipdiinenta of the invention will now be 
describedf ^Lth *a::e£erence to the aocorajpanylng drawings 
in which 2 

Pig 1 is a scheinatin diagram of an analogue probe 
10 mounted' on a coordinate measuring machine; 

' ,Pig 2 ^is :a schematic representation of several 
different ' constant stylus deflection scana aroxmd an 
objepb;* * - * . . ^ 

» Fig '3 is a graph illustrating probe deflection 
IS againsft object' diameter; . 

Pig^' 4 i€ a aohemattc representation of several 
different constant force scan^ around ^ object; 

Fig, S is A schematic illustration of the statics 
<jorreetion vedtiorei 

. Fig's is a echeajatlc illiistration of the dynamic 
Gorrec^tion vectors; and 

Fi:^ 7 is a* echematic diagram of a second 
ewbodittient o^^ t^he invention 

In a first ©tep'of the invention, a measurement error 
map is ' gfeherated fbr an object. This is achieved by 
mounting an analogue probe 10 on the quill 12 of a 
coordinate measuring machine (CMM) aa shown in fig 1* 
The analogue jirobe'lO has a deflectable stylus 14 with 
a workpieci© contacting tip IS. The object 18 to be 
measured is mounted on the CMK machine table 20 and the 
probe 10 i»^ driven slowly by the machine quill 12 in a 
path aropnd the object. The object 18 is first scanned 
along ^ path at first constant probe deflection^ for 



example 300/im. Th^ object id then eca^mxed along ithis 
path at one or more different enbsetjuent paj-obe 
deflectioriig. For exan^le, the part may be scanned a 
secotid time with a* probe def lectioti of 200^un and. a 
thiird tlrte with a probe deflection of lOOMm , Fig 2 
shows a tiepre^eritation of the object 18 and the first 
22, s,ecohd 24 arid tihird 26 scans around it. EAch point 
on the pbject.18 will thus have three different 
measurements A,BvC/, resulting from the three different 

scatia'at different probe deflections. For each point 

* I * 

on th^ object,; the raeasureinents may be extrapolated 
back to ;aero to calculate the measurement if the probe 
deflection is zero/ Pig 3 sho^s a graph of the probe 
deflection against object diameter. The actual object 
diametfer is shewn at zero probe deflection. The step 
of extrapolating to aero probe deflection allowe the 
measureraants at zero probe deflection to be detemdlned 
-without thk Errors of ac::tual mea«iurenient/ caused by, 
pxobing erarors,. A pasaiv© probe is suitable for use. in 
this method, 'such aerobe may corapriee a stylue 

defleetaKle ejgainet 'springs- 

» ' ■ » 

This information enables a measurement force error thap 
of the 'part' to be prqducad. As the ecans of the part 
were taken at a * slow .speed, this results in negligible 
dynamic , errore due to very low accelerations of the ^ 
probe and macliizie. 

The measurement' force error map may be in the form of a 
look-up tabWr, wfth different error corrections for 
dif f ©rent' ;stylu0 ddf lections , Alternatively, the eri^or 

map may: be in the form of a polynomial function- 

t » 

Pig 5 shovp'the eriror' porrectiona for. points on the j 




a 

acazi4 Each polzit 'On the scan has & radial correction 
38which Is apjplied for a certain stylua deflection. If 
a du£»a6quent obsect 1$ scanned at a stylus deflection 

of '300Mm 3$, th^ static error map may be used to 

> 

5 correct 'e.he data to oorresponcl to the part being 
scg^smed At i^s. deflection of O/zm 34. 

/ * 

Alter^^ivelYi instead of scanning the object several 
tiibea. at diaCferent probe deflections # it may be scanned 
10 sev^r^l times with the probe having a different 

constant fcotce for .each scan. For example/ the object 
maybe -first scanned with a constant force between the 
stylus ^nci 'the object of 0.3fcr. The object may then be 
scanned a 'second time with a constant force of 0-2N and 
IS a th'i'xJd time witih a constant force of O.IN* Each of 
these 'e'can^ may have the same or different stylus 
deflections. Pig 4 shows a representation of the 
object ^ 19 and the first 28 y second 30 and third 32 
scans .at. diffeirenc constant probe forces. 
20 » ' • • * * 

As before, . fqr a point on the surface of the object, 
there are three sets of data relating to the scans at 
different probe' forces. This data may be extrapolated 
back* to aero* 'force to eid^able the point which would be 
2S measured with z^ro force between the stylus and 

workpiece to be dfsrtermined. As described previously^ an 
error ftiap- maj^* be created relating the * correct' 
measuxeihent^ for a given point decermined for zero 
probe force by the extrapolating to zero' technique* 
30 Sutbsequ^nt measurements at a given probe force may be 
dorreet'ed for measurement Errors using this measurement 
error map ^ 

Ibe object may comprise a part of a series of parts t;o 



IS 



I t * ^ 

be .measured, in this c^ae a measurement error map 6f 
this part,4.B -produeed by thla method. Alternatively, 
the object niay comprise an artefact Having features 
corresponding to the features on the parts to be 
8Ul3saquBnt.ly measured. These features may be, for 
exanqpl^, spheres, ring gauges, plug gauges etc. Dee of 
the- artefact allows geometric errors in addition to the 
meaflup5«rtent. errors, to be determined. Ag the forms of 
th6ae. feature^ ar« .Jmown, thfey may be used to correct 
for. geometrlq. Errors of the machine and probe. This 
may be done jjy cpnparing the scanned map of the 
artefact with .the Joiown form of the feature and 
producing a 'geometric error map to correct eubsegueat 
par^B lylth. ' 

A2terriat;i^eiy the geometric error of the machine and 
probe n.ay be determined in a separate step. -Geometric 
errors, a^te errots of the machine and. probe, for exan^le 
tton-llnearity of> the machine scales or the machine' axes 
not being straight. The step of combining geometric 
and meastlirement error determination has the advantage 
that it .is not .Jiecessary to have a second accurate 
machine on .which to accurately measure parts f or 
comparison.' • 

in a feecondl' fa^ei, of the invention, the dynamic errors 
are determined. l?ynamic errors may be caused, for 
exan^lev by mfchinp bending due to acceleration. Once 
the mea^rement >rror map has been produced, the object 
i« ^caanea at^a;5iigh speed. The high speed scan is at 
either Constant probe deflection or constant force, aa 
abov^.,, In addition, the high speed scan is preferably 
performed at a- constant speedl. The measurement data 
from thi-s -fast scan is compared «ith the measurement 



e«ror porrec€ed' alow scan relating ta the aotual 
dlim^ndions' of the object, produced as described In the 
fiarst step qfi the Invention. A dynamic ©txor map may 
be prodilced by <?oniparing the fast scan and the 
THea«ui?ement err<5r corrected slow acan. This dynamic 
^xrpT map is usJed to correct subsaquent scans taken at 
a fa&t -epa^^l 

Pig S illustrates the measurements of the fast scan 40 
and the ^ actual dimension 42 of the object created by 
measiii-ement ^ error correcting the slow scan as 
previously described. 

The two separate error maps produced by this method (ie 
the maasurement and .'dynamic error maps} may be combined 
to create a*\total feature map. This Is done by adding 
the prpbinig force error correction vectors 38 around 
the part^ illustrated in figr 5 with the dynamic error 
Gori^ection vectors *4 around the part illustrated in 
fig 6. ' -J * 

This method has the advantage that as the measurement 
er^orto aite detepmlned by scanninsT' the object at 
different, probe deflections or different constant 
forceei the* meaeur'ement errors are known for every 
point on the atirf aca of the object* Thus no 

intefpolatipn* is required. 

t 

A second enflbodiment of the Invention will now be 
described with reference to fig 7. A stylus of a probe 
is driven .into contact with a surface of an object 18 
along a path 46 in a direction normal to the object's 
surface until ^ predetermined stylus force has been 
reached- J This \ step, is repeated along the same path for 



• . • la ■ 

* 

a plurality of di£f6irent predetermined atylua forces. 
The {kieakurem^t data along this patli is used to 
extrapoljata bacilc to aearo force to enable the point 
which Wouldi be meeieuxed with zero forces between the 

stylus and' wo3?)cplece to be determined. This la the 

* 

nominal objeot ^tneasuretitent . 

Thl^ '.procees ,1s repeated for a selection o£ datum 
pointe ,aro3jnd the surface of the object. The date froia 
eaoh of )£hese datum points is used to create aki error, 
map. as pr,eviou£pJ.y -described to correct subseciuent 
Brteasuremehts. Measurements of the surface of the 
object between the datum points aire corrected by 
inteipolating the error map between the datum pointy. 
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